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(57) ABSTRACT

Disclosed are a semiconductor devices and method of fab-
ricating the same. Anti-etch films are formed in the top
corners of the device isolation film using a material that has
a different etch selectivity ratio from nitride or oxide and is
not etched in an oxide gate pre-cleaning process. It is thus
possible to prevent formation of a moat at the top corners of
the device isolation film and the gate oxide film from being
thinly formed, thereby improving reliability and electrical
characteristics of the device.
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SEMICONDUCTOR DEVICE AND A
METHOD OF MANUFACTURING THE SAME

This application is a div. of Ser. No. 10/614,189, filling
date Jul. 8, 2003, now U.S. Pat. No. 7,081 390.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a semiconductor device
and a method of manufacturing the same, and more particu-
larly, to a semiconductor device and method of fabricating
the same, capable of preventing generation of a moat at the
top corners of the device isolation film.

2. Background of the Related Art

In all the semiconductor devices, a device isolation film is
formed in order to electrically isolate various elements.
Conventionally, the device isolation film is formed by means
of'a LOCOS (local oxidation) process. In this case, however,
there are problems that electrical characteristics of the
device and the degree of integration are degraded due to a
bird’s beak occurred at the corner of the device isolation
film.

As the degree of integration in the semiconductor devices
becomes higher, the device isolation film is formed to have
a STI (shallow trench isolation) structure in order to prevent
generation of the bird’s beak in the device isolation film and
also minimize the area occupied by the device isolation film.

In case where the device isolation film is formed to have
the STT structure, there is a problem that a moat occurs at the
top corners of the device isolation film in the etch process for
removing the pad nitride film being the hard mask and in a
gate oxide pre-cleaning process.

FIG. 1 is a SEM (scanning electron microscope) photo-
graph illustrating that a moat occurred at the top corners of
the device isolation film.

From FIG. 1, it can be seen that the top corners of the
device isolation film are etched and the moat is thus formed,
in the etch process for removing the pad nitride film being
the hard mask and in a gate oxide pre-cleaning process. If the
moat is formed at the top corners of the device isolation film
as such, etched materials remain at the moat in the process
of patterning a conductive material layer in order to form a
gate, which causes defects and degrades the electrical char-
acteristics and reliability of the device. Furthermore, as the
corner of the active region in the semiconductor substrate in
which the semiconductor device is formed is pointed, the
gate oxide film is thinly formed at the pointed portion. For
this reason, the leakage current is generated and the thresh-
old voltage of the device is changed, at the portion where the
gate oxide film is thinly formed, which results in degrading
reliability and electrical characteristics of the device.

Furthermore, as the design rule becomes small and the
width of the MOSFET device is narrowed, the ratio of the
area that the gate oxide film is thinly formed compared to a
total area of the active region is relatively increased. Due to
this, an electric field is concentrated on the portion where the
gate oxide film is thinly formed and a fatal problem such as
INWE (inverse-narrow width effect), etc. may thus occur.

SUMMARY OF THE INVENTION

Accordingly, the present invention is contrived to sub-
stantially obviate one or more problems due to limitations
and disadvantages of the related art.

An object of the present invention is to provide a semi-
conductor device and method of fabricating the same
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capable of improving reliability and electrical characteristics
of the device by preventing formation of a moat at the top
corners of a device isolation film and simultaneously pre-
venting a gate oxide film from being thinly formed, in such
a manner that anti-etch films at the top corners of the device
isolation film are formed using a material that is not etched
in a gate oxide pre-cleaning process and has a different etch
selectivity ratio from nitride or oxide.

Additional advantages, objects, and features of the inven-
tion will be set forth in part in the description which follows
and in part will become apparent to those having ordinary
skill in the art upon examination of the following or may be
learned from practice of the invention. The objectives and
other advantages of the invention may be realized and
attained by the structure particularly pointed out in the
written description and claims herecof as well as the
appended drawings.

To achieve these objects and other advantages and in
accordance with the purpose of the invention, as embodied
and broadly described herein, a semiconductor device
according to the present invention is characterized in that it
comprises a device isolation film formed on a semiconductor
substrate of an isolation region and made of an insulating
material layer, an active region layer formed on the semi-
conductor substrate between the device isolation films, and
anti-etch films formed at the top corners of the device
isolation film.

In the above, the active region layer consists of a silicon
epitaxial growth layer, a silicon-germanium epitaxial growth
layer or a stack structure of them.

The anti-etch films are made of a silicate film or a silicon
nitride film. The silicate film is made of AlSi,0,, HfS1,0,,
Y510, CeSi,0,, or TaSi,0,, or a mixture of at least more
than one of them. At this time, the composition ratio X is
0.05~10 and the composition ratio Y is 0.05~10.

A high dielectric insulating film may be further provided
on the device isolation film in which the anti-etch films are
not formed. At this time, the high dielectric insulating film
may be formed using Al,O;, HfO,, ZrO,, Y,0;, CeO, or
Ta,Os, or a mixture of at least more than one of them.

A method of fabricating a semiconductor device accord-
ing to one embodiment of the present invention is charac-
terized in that it comprises the steps of sequentially forming
an insulating material layer and an anti-etch film on the
entire semiconductor substrate, making the anti-etch film
and the insulating material layer remained only in an isola-
tion region through an etch process, thus forming a device
isolation film made of an insulating material layer, and
forming an active region layer where the semiconductor
device will be formed between the device isolation films.

In the above, the anti-etch films may be formed using a
silicate film or a silicon nitride film. The silicate film may be
formed using A1Si,0,, HfS1,0,, YSi,0,, CeSi,0,, or TaSi, O,
or a mixture of at least more than one of them. The
composition ratio X may be 0.05~10 and the composition
ratio Y may have a value of 0.05~10.

Meanwhile, the method may further comprises the step of
before the etch process is implemented after the anti-etch
film is formed or before the active region layer is formed
after the etch process is performed, implementing an anneal-
ing process under an atmosphere of N,, O,, O;, H,, D,,
H,0, D,0, NO, N,O or a mixed gas of them at a temperature
of 600~1000° C. for 20 seconds~60 minutes.

A method of fabricating a semiconductor device accord-
ing to another embodiment of the present invention is
characterized in that it comprises the steps of sequentially
forming an insulating material layer and a high dielectric
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insulating film on the entire semiconductor substrate, mak-
ing the high dielectric insulating film and the insulating
material layer remained only in an isolation region through
an etch process, thus forming a device isolation film made
of an insulating material layer, and excessively growing an
active region layer containing silicon on the semiconductor
substrate between the device isolation films by means of a
selective epitaxial growth process, whereby the active
region layer is formed up to the top corner of the high
dielectric insulating film, and anti-etch films are formed at
the top corners of the device isolation film through reaction
of silicon components of the active region layer and the high
dielectric insulating film.

In the above, the high dielectric insulating film may be
formed using Al,O;, HfO,, ZrO,, Y,0;, CeO,, Ta,O5 or a
mixture of them. The anti-etch film is formed using a silicate
film.

Meanwhile, the active region layer is formed by means of
a selective epitaxial growth process and may be formed by
growing a silicon layer, a silicon-germanium layer, or the
silicon layer after the silicon-germanium layer is grown. At
this time, in the selective epitaxial growth process, SiH, or
SiH,Cl, and Cl, gases may be used as a reaction gas.

The method may further comprised the steps of after the
active region layer is formed, removing the active region
layer that is formed higher than the device isolation film, by
means of a chemical mechanical polishing process, and
implementing an annealing process in order to mitigate
polishing damage and improve an interfacial characteristic
between the device isolation film and the active region layer.

In another aspect of the present invention, it is to be
understood that both the foregoing general description and
the following detailed description of the present invention
are exemplary and explanatory and are intended to provide
further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of
the present invention will be apparent from the following
detailed description of the preferred embodiments of the
invention in conjunction with the accompanying drawings,
in which:

FIG. 1 is a SEM (scanning electron microscope) photo-
graph illustrating that a moat occurred at the top corners of
the device isolation film;

FIG. 2 is a cross-sectional view of a semiconductor device
for explaining a device isolation film of the semiconductor
device according to a preferred embodiment of the present
invention;

FIG. 3A~FIG. 3E are cross-sectional views of semicon-
ductor devices for explaining a method of forming the
device isolation film of the semiconductor devices according
to a preferred embodiment of the present invention; and

FIG. 4A~FIG. 4F are cross-sectional views of semicon-
ductor devices for explaining a method of forming the
device isolation film of the semiconductor devices according
to another preferred embodiment of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Reference will now be made in detail to the preferred
embodiments of the present invention, examples of which
are illustrated in the accompanying drawings, in which like
reference numerals are used to identify the same or similar
parts.
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FIG. 2 is a cross-sectional view of a semiconductor device
for explaining a device isolation film of the semiconductor
device according to a preferred embodiment of the present
invention.

Referring to FIG. 2, the semiconductor device according
to the present invention comprises a device isolation film
202 formed on a semiconductor substrate 201 of an isolation
region and consisting of an insulating material layer, an
active region layer 205 formed on the semiconductor sub-
strate 201 between the device isolation films 202, and
anti-etch films 206 formed at the top corners of the device
isolation film 202. A high dielectric insulating film (not
shown) may be further provided on the device isolation film
202 in which the anti-etch films 206 are not formed.

Meanwhile, an unexplained reference numeral ‘207’ indi-
cates a gate oxide film formed in the process of fabricating
a transistor on the active region layer 205, ‘208’ a polysili-
con layer, ‘209’ an anti-diffusion metal layer, ‘210’ a metal
layer for forming a silicide layer or an electrode, and ‘211’
a hard mask.

In the above, the active region layer 205 may be formed
using a silicon epitaxial growth layer, a silicon-germanium
epitaxial growth layer, or a stack-structure of them. Mean-
while, the anti-etch films 206 are formed using a material
that has a different etch selectivity ratio from nitride or oxide
and is not etched in a gat oxide pre-cleaning process.
Preferably, the anti-etch films 206 may be formed using a
silicate film made of silicate or a silicon nitride (Si;N,,) film.
At this tin, the silicate film may be formed using AlSi,O,,
HfS1,0,, YS1,0,, CeSi,O, or TaSi 0, or a mixture of at
least more than one of them. The composition ratio X may
have a value 0f 0.05~10 and Y may have a value of 0.05~10.
Furthermore, the high dielectric insulating film formed on
the device isolation film 202 may be formed using Al,O;,
HfO,, ZrO,, Y,0,, CeO, or Ta,O,, or a mixture of at least
more than one of them.

As the anti-etch films 206 are provided at the top corners
of the device isolation film 202, it is possible to prevent the
top corners of the device isolation film from being etched in
a patterning process for making remained only in the iso-
lation region of the device isolation film 202 or a gate oxide
pre-cleaning process for forming the gate oxide film 207.
Therefore, it is possible to prevent a moat from being formed
at the top corners of the device isolation film 202 and the
gate oxide film 207 from being thinly formed at the top
corners of the device isolation film 202. Furthermore, as the
gate oxide film 207 is prevented from being thinly formed,
it is possible to prevent generation of the leakage current.

Meanwhile, a method of fabricating the semiconductor
device in which the anti-etch films are provided at the top
corners of the device isolation film according to the embodi-
ment of the present invention will be described by reference
to the accompanying drawings.

FIG. 3A~FIG. 3E are cross-sectional views of semicon-
ductor devices for explaining a method of forming the
device isolation film of the semiconductor device according
to a preferred embodiment of the present invention.

Referring to FIG. 3A, an insulating material layer 302 is
formed on the entire semiconductor substrate 301. An anti-
etch film 303 is then formed on the insulating material layer
302. At this time, the insulating material layer 302 may be
formed using a silicon oxide film. Meanwhile, the anti-etch
film 303 is made of a material that has a different etch
selectivity ratio from nitride or oxide and is not etched in a
gate oxide pre-cleaning process for forming the gate oxide
film. Preferably, the anti-etch film 303 may be formed using
a silicate film consisting of silicate or a silicon nitride
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(Si5N,) film. At this time, the silicate film may be made of
AlSi0,, HfS1,0,, Y810, CeSi,0, or TaSi,O,, or a mixture
of at least more than one of them. The composition ratio X
may have a value of 0.05~10 and Y may have a value of
0.05~10. After the anti-etch film 303 made of silicate is
formed, annealing may be performed under an atmosphere
of N,, O,, O;, H,, D,(deuterium), H,O, D,O, NO, N,O or
a mixed gas of them at a temperature of 600~1000° C. for
20 seconds~60 minutes, in order to increase corrosion-
resistant against oxide wet-etch.

By reference to FIG. 3B, a photoresist pattern (not shown)
through which an active region 304 where the semiconduc-
tor device will be formed is opened is formed on the
anti-etch film 303. The anti-etch film 303 and the insulating
material layer 302 in the active region 304 are then removed
using the photoresist pattern as an etch mask. Next, the
photoresist pattern is removed. Thereby, the insulating mate-
rial layer remains only on the isolation region. Thus, the
device isolation film 302 consisting of the insulating mate-
rial layer is formed on the semiconductor substrate 301 and
the surface of the semiconductor substrate 301 is exposed in
the active region 304.

Thereafter, after the insulating material layer of the active
region 304 is removed, an annealing process may be per-
formed at a temperature of 700~1100° C. for 5~60 minutes,
in order to mitigate etch damage generated on the surface of
the device isolation film 302 or the semiconductor substrate
301. At this time, the annealing process may be performed
under an atmosphere of N,, O,, O;, H,, D, (deuterium),
H,0, D,0, NO, N,O or a mixed gas of them.

With reference to FIG. 3C, an active region layer 305 is
formed in the active region to fill the space between the
device isolation films 302 with the active region layer 305.
At this time, before the active region 305 is formed, a native
oxide film or remnant oxide formed on the surface of the
semiconductor substrate 301 in the active region (304 in
FIG. 3b) may be first removed.

Meanwhile, the active region layer 305 may be formed
using a silicon growth layer that is grown on the semicon-
ductor substrate 301 of the active region by a selective
epitaxial growth (SEG) method. The selective epitaxial
growth process may employ a SiH, or SiH,Cl, and Cl, gas
as a reaction gas. At this time, when the active region layer
305 is formed by growing silicon through the selective
epitaxial growth process, the height of the active region
layer 305 may be higher than that of the device isolation film
302 due to excessively grown silicon. In this case, after the
active region layer 305 is formed, the excessively grown
portion (not shown) of the active region layer 305 is
removed and polished through a chemical mechanical pol-
ishing process. After the chemical mechanical polishing
process is performed, an annealing process is implemented
at a temperature of 700~1100° C. for 5~60 minutes in order
to mitigate polishing damage and improve an interfacial
characteristic between the device isolation film 302 and the
active region layer 305. At this time, the annealing process
is implemented under an atmosphere of H,, D,, N, or a
mixed gas of them.

Another method for forming the active region layer 305
includes growing a silicon-germanium (epi-SiGe) layer
instead of the silicon growth layer to form the active region
layer 305, or after the silicon-germanium layer is grown, the
silicon layer is regrown to form a channel layer with a
strained SiGe channel layer.

In the above, although the chemical mechanical polishing
process is implemented, the device isolation film 302 is
rarely damaged by the anti-etch film 303.
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Turning to FIG. 3D, after the surface of the active region
layer 305 formed in the active region is cleaned, a gate oxide
film 306 is formed. At this time, etch damage does not occur
in the device isolation film 302 since it is protected by the
anti-etch film 303 even though the cleaning process is
performed. Accordingly, a moat does not occur at the top
corners of the device isolation film 302. Also, the gate oxide
film 306 is not thinly formed at the top corners of the device
isolation film 302.

Referring to FIG. 3E, a stack structure of a polysilicon
layer 307, an anti-diffusion metal layer 308, a metal layer
309 and a hard mask 310 is formed in a given pattern on the
gate oxide film 306 through common processes. Source/
drain (not shown) are then formed in the active region layer
305 around the stack structure to form a transistor.

Meanwhile, a method of fabricating the semiconductor
device in which the anti-etch film is formed at the top corner
of the device isolation film will be now described by
reference to the accompanying drawings.

FIG. 4A~FIG. 4F are cross-sectional views of semicon-
ductor devices for explaining a method of forming the
device isolation film of the semiconductor device according
to another preferred embodiment of the present invention.

Referring to FIG. 4A, an insulating material layer 402 is
formed on the entire semiconductor substrate 401. A high
dielectric insulating film 403 is then formed on the insulat-
ing material layer 402. At this time, the insulating material
layer 402 may be formed using a silicon oxide film. Mean-
while, the high dielectric insulating film 403 is formed using
Al,O,, HfO,, Z1O,, Y,0;, Ce0,, Ta,O, or a mixture of
them. After the high dielectric insulating film 403 is formed,
an annealing process may be performed under an atmo-
sphere of N, O,, O;, H,, D, (deuterium), H,O, D,0, NO,
N,O or a mixed gas of them at a temperature of 600~1000°
C. for 20 seconds~60 minutes, in order to increase the
corrosion-resistant against oxide wet-etch.

By reference to FIG. 4B, a photoresist pattern (not shown)
through which an active region 404 where a semiconductor
device will be formed is opened is formed on the high
dielectric insulating film 403. The high dielectric insulating
film 403 and the insulating material layer 402 in the active
region 404 are then removed using the photoresist pattern as
an etch mask. Next, the photoresist pattern is removed.
Thereby, the insulating material layer remains only in the
isolation region. Thus, the device isolation films 402 made
of the insulating material layer are formed on the semicon-
ductor substrate 401 and the semiconductor substrate 401 is
exposed in the active region 404.

Thereafter, after the insulating material layer of the active
region 404 is removed, an annealing process may be per-
formed at a temperature of 700~1100° C. for 5~60 minutes,
in order to mitigate etch damage generated on the surface of
the device isolation film 402 or the semiconductor substrate
401. At this time, the annealing process may be implemented
under an atmosphere of N,, O,, O;, H,, D, (deuterium),
H,0, D,0, NO, N,O or a mixed gate of them.

Turning to FIG. 4C, an active region layer 405 is formed
in the active region in the same method to that in FIG. 3C,
whereby the space between the device isolation films 402 is
buried with the active region layer 405. In the same manner,
before the active region 405 is formed, a native oxide film
or remnant oxide formed on the surface of the semiconduc-
tor substrate 401 in the active region (404 in FIG. 4B) may
be first removed.

Meanwhile, in the process of forming the active region
layer 405 by growing silicon through a selective epitaxial
growth process, the silicon layer is excessively grown so that
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the height of the active region layer 405 is higher than that
of the device isolation film 402. As such, if the active region
layer 405 is formed to be higher in height than the device
isolation film 402, a silicon excessive growth layer 405a is
formed up to the top corner of the high dielectric insulating
film 403. Due to this, silicon component of the silicon
excessive growth layer 4054 and the corner of the high
dielectric insulating film 403 react, so that the corner of the
high dielectric insulating film 403 is changed to silicate.
Accordingly, anti-etch films 406 made of silicate are formed
at the corners of the device isolation film 402.

Furthermore, in the above, another method for forming
the active region layer 405 includes growing a silicon-
germanium (Epi-SiGe) layer instead of the silicon growth
layer to form the active region layer 405, or after the
silicon-germanium layer is formed, growing the silicon layer
to form a channel layer using a strained SiGe channel layer.

Turning to FIG. 4D, after the anti-etch film 406 is formed,
the silicon excessive growth layer (4054 in FIG. 4C) is
removed and polished through a chemical mechanical pol-
ishing process. After the chemical mechanical polishing
process is implemented, an annealing process is imple-
mented at a temperature of 700~1100° C. for 5~60 minutes
in order to mitigate polishing damage and improve the
interfacial characteristic between the device isolation film
402 and the active region layer 405. At this time, the
annealing process is performed under an atmosphere of H,,
D,, N, or a mixed gas. In the above, although the chemical
mechanical polishing process is performed, damage of the
device isolation film 402 by the anti-etch film 403 rarely
occurs.

Referring to FIG. 4E, after the surface of the active region
layer 405 formed in the active region is cleaned, a gate oxide
film 407 is formed. At this time, although the cleaning
process is performed, etch damage does not occur in the
device isolation film 402 since it is protected by the anti-etch
film 406. Therefore, a most does not occur at the top corners
of the device isolation film 402. The gate oxide film 407 is
not thinly formed at the top corners of the device isolation
film 402.

By reference to FIG. 4F, a stack structure of a polysilicon
layer 408, an anti-diffusion metal layer 409, a metal layer
410 and a hard mask 411 are formed in a given pattern on
the gate oxide film 407 through common processes. Source/
drain (not shown) are then formed in the active region layer
405 around the stack structure, thereby completing a tran-
sistor.

In the mentioned method of fabricating the semiconductor
device according to a preferred embodiment of the present
invention could be applied to a process of forming the STI
(shallow trench isolation) structure of non-volatile memo-
ries and logic devices as well as DRAM devices. Accord-
ingly, the present method could be applied to high-mobility
devices using epitaxial silicon-germanium (Epi-SiGe), etc.
in addition to epi silicon (epi-Si).

As described above, according to the present invention,
anti-etch films are formed in the top corners of the device
isolation film. A device isolation film of the STI structure is
then formed using a selective epitaxial growth (SEG) pro-
cess. Accordingly, the present invention has a new effect that
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it can fundamentally prevent problems that a moat is gen-
erated at the top corner of the device isolation film, the gate
oxide film is thinly formed and the leakage current is
generated, thus improving reliability and electrical charac-
teristics of the device.
The forgoing embodiments are merely exemplary and are
not to be construed as limiting the present invention. The
present teachings can be readily applied to other types of
apparatuses. The description of the present invention is
intended to be illustrative, and not to limit the scope of the
claims. Many alternatives, modifications, and variations will
be apparent to those skilled in the art.
What is claimed is:
1. A method of fabricating a semiconductor device using
a semiconductor substrate, said method comprising the steps
of:
sequentially forming an insulating material layer and an
anti-etch film on the entire semiconductor substrate;

performing an annealing process to increase corrosion-
resistance against an oxide wet etch after forming the
anti-etch film, thereby forming a resultant structure;

etching the resultant structure to allow the anti-etch film
and the insulating material layer remaining only in an
isolation region, thus forming a device isolation film
made of the insulating material layer; and

forming an active region layer where the semiconductor

device will be formed between the device isolation
films.

2. The method as claimed in claim 1, wherein the anti-etch
films are made of a silicate film or a silicon nitride film.

3. The method as claimed in claim 2, wherein the silicate
film is made of AlSi,O,, HfSi,0,, YSi,0, CeSiO, or
TaSi,0,, or a mixture of at least more than one of them.

4. The method as claimed in claim 3, wherein the com-
position ratio X is 0.05~10 and the composition ratio Y is
0.05~10.

5. The method as claimed in claim 1, further comprising
the step of implementing an annealing process under an
atmosphere of N,, O,, O;, H,, D,, H,0, D,O, NO, N,O or
a mixed gas of them at a temperature of 600~1000° C. {20
seconds ~60 minutes after forming the active region layer.

6. The method as claimed in claim 1, wherein the active
region layer is formed by means of a selective epitaxial
growth process and is formed by growing a silicon layer, a
silicon-germanium layer, or the silicon layer after the sili-
con-germanium layer is grown.

7. The method as claimed in claim 6, wherein in the
selective epitaxial growth process, SiH, or SiH,Cl, and Cl,
gases are used as a reaction gas.

8. The method as claimed in claim 1, further comprising,
after the active region layer is formed, the steps of:

removing the active region layer that is formed higher

than the device isolation film, by means of a chemical
mechanical polishing process; and

implementing an annealing process in order to mitigate

polishing damage and improve an interfacial charac-
teristic between the device isolation film and the active
region layer.



